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from other animal species, such as ewes, goats and buffaloes are utilized to the human diet in various parts of the world, a great number of studies have focused on cows' milk. Yoghurt is mostly made from cows' milk and a very limited extent from ewes' , goats' or buffaloes' milks in Turkey. However, for home-made yoghurt, cows' , buffaloes' , goats' and ewes' milks or their mixture are frequently used in different regions of Turkey. On the other hand, these milks are very popular in countries around the world, especially Mediterranean region 1 . Buffaloes' milk has an important nutritional value because of its high level of fat content particularly, which is responsible for its high energetic and nutritive properties 4 . Furthermore, buffaloes' milk is the second most produced milk in the world with 82 billion liters produced each year (12.5% of milk produced in the world), after cows' milk (84% with 551 billion liters) 5 , although it is the least produced milk in Turkey. Ewes' milk, the other milk type, contains higher amount of proteins than cows' milk (58 g/kg and 33 g/kg, respectively) and does not require fortification of the milk in the production of yoghurt 6 . Besides, ewes' yoghurt has a pleasant creamysour flavour, considered by many to be better than cows' yoghurt 7 . On the other hand, goats' milk and its products, such as yoghurt and cheese, are becoming increasingly popular in the world for its high nutritional value, easy assimilation of components, therapeutic, antioxidative and antiallergenic properties, but it is a possible problem of musky, rancid and goaty flavour and aroma in goats' milk products 8 .
Yoghurt can be a good dietary source of essential minerals. It could contribute importantly to the recommended daily intake of calcium and magnesium to maintain the physiological processes in the body 9 . Moreover, bioavailability of calcium from yoghurt is higher than from milk. The acidic pH of yoghurt ionizes calcium and hence facilitates intestinal calcium absorption 10 . Phosphorus, magnesium and zinc are also in an available form in yoghurt for absorption and utilization by the body 11 . In addition, yoghurt contains noticeable quantities of sodium and potassium 1 . The levels of essential minerals present in dairy products depend on the technological treatments, type of milk used and accuracy of analysis 12 .
The traditional fermented milk products made from the milks of cows, ewes and goats are still competitive with newer products. There have been a number of separate studies on physiochemical, rheological, microbiological, sensory properties and mineral contents of yoghurts made from these milks. However, only a few comparative research data have been documented on some quality properties 13, 14 and mineral contents of yoghurts made from different types of milks 15 . Furthermore, information about the chemical composition and physical characteristics of buffaloes' yoghurt is scarce, compared to cows' , ewes' and goats' yoghurts. The comparison of physiochemical, rheological, microbiological, sensory properties and mineral contents in yoghurts made from these four milks has not been reported in the literature. Therefore, the aims of this study were to determine the some quality properties and mineral contents of the yoghurts made from cows' , ewes' , goats' and buffaloes' milks and to contribute to the literatures comparing the differences among these yoghurts.
MATERIAL and METHODS

Milks and Starter Cultures
Cows' milk was supplied by dairy farm of Atatürk University in Erzurum province of Turkey. Ewes' , goats' and buffaloes' milks were obtained from different villages in Erzurum province. Direct-to-vat system yoghurt starter culture (Streptococcus thermophilus and Lactobacillus delbrueckii spp. bulgaricus) coded YC350 was used in yoghurt-manufacturing supplied from Chr.Hansen-Peyma, Istanbul, Turkey.
Manufacture of Yoghurts
The yoghurts were manufactured according to the protocol proposed by Tamime and Robinson 1 in duplicate. The raw cows' , ewes' , goats' and buffaloes' milks were separately strained using a cloth filter. Each milk was held to 85°C for 25 min using batch pasteurization and cooled down to 44±1°C. The heat treated milk was inoculated with thermophilic starter culture (S. thermophilus and L. bulgaricus). The inoculation rate was 20 g/100 L milk for all samples. Then, each inoculated milk was distributed into 200-mL sterile glass cups and incubated at 44±1°C until it reached pH 4.6. After fermentation, yoghurt samples removed and stored at 4±1°C for 28 days and analyzed 1, 7, 14, 21 and 28 d of cold storage.
Chemical Analyses
Total solids, fat, ash, titratable acidity 16 and protein contents 17 of milks and yoghurt samples were determined. The pH was measured with a pH meter (model WTW pH-340-A, Weilheim, Germany) fitted with a combined glass electrode.
Syneresis
The yoghurt samples were analyzed for syneresis throughout storage according to the method described by Atamer and Sezgin 18 Twenty-five grams of yoghurt samples were weighed and filtered. After 120 min of drainage at 4±1°C, the amount of collected whey (mL) in a flask was recorded and expressed as an index of syneresis.
Apparent Viscosity
The apparent viscosities of yoghurt samples were measured during storage using Visco Star-L Fungilab viscometer equipped with a number 6 spindle and operated at a speed of 20 rpm. All of the measurements were performed in duplicate and sample temperature was 4±1°C. The yoghurt samples were stirred gently for 10 s before the viscosity measurement. The readings were taken from instrument directly at the point of 30th s and were recorded in centipoise 19 .
Mineral Analysis
Mineral contents (Ca, Mg, Na, P, K, Fe, Mn, Ni, S and Zn) of yoghurt samples were determined using an Inductively Coupled Plasma Optical Emission Spectrometry (ICP/OES (Perkin-Elmer, Optima 2100 DV, Shelton, CT, USA)) and following the method described by Güler 20 . Decomposition of samples was performed in a microwave oven (Berghof speed wave, Germany). For this purpose, about 0.5 g yoghurt sample was weighed into the digestion vessels. Concentrated nitric acid (10 mL) was added and after that, digestion was carried out to each sample at 210°C and 176 psi pressure for 10 min. After cooling, the carousels were removed from the oven, 30% hydrogen peroxide (2 mL) was added to samples and then second digestion was applied at 195°C and 95 psi pressure for 5 min. The vessels were immediately closed after the addition of oxidants. At the end of the digestion process, the samples were diluted with distilled water to a suitable concentration, and were filtered through Whatman no. 42 filter paper. All diluted digests were eventually analyzed by an ICP-OES.
Microbiological Analysis
For each yoghurt sample, 11 g were weighted and diluted aseptically in 99 mL of sterile peptone water (0.1% w⁄v). Serial dilutions were made in 0.1% sterile peptone water and appropriate dilutions were poured plated in duplicate. The counts of S. thermophilus were enumerated on M17 agar (Oxoid Ltd, Basingstoke, Hampshire, UK) by incubating the plates aerobically at 37°C for 48 h 21 . For enumeration of L. bulgaricus MRS agar (Oxoid Ltd) was used and the plates were incubated anaerobically at 37°C for 72 h. Anaerobic conditions were provided using Anaerocult A sachets (Merck). Plates containing 20-200 colonies were enumerated and the results are expressed as colony-forming units per gram (cfu/g) of yoghurt sample.
Sensory Analysis
Sensory analysis was carried out in yoghurt samples by a group of six panelists from the academic staff working in the Dairy Department. Taste and aroma, odor, mouthfeel, texture, acidity and general acceptability of samples were scored on a scale of 1-9 on days 1, 7, 14, 21 and 28 of storage. Samples were left at the room temperature for 10-15 min and they served with a glass of water a slice of bread 22 .
Statistical Analysis of Data
The data were analyzed statistically using SPSS statistical software programme version 13 (SPSS Inc., Chicago, IL, USA). Analysis of variance (ANOVA) and Duncan's Multiple Range Test was used to determine significant differences among results.
RESULTS
Milk Composition
The compositions of raw cows' , ewes' , goats' and buffaloes' milks were total solids contents 12.06%, 17.40%, 14.15%, 16.56%; fat contents 3.80%, 5.90%, 4.70%, 7.40% and ash contents 0.70%, 0.91%, 0.78%, 0.77%, respectively. The respective pH and titratable acidity of cows' milk were 6.49 and 0.20%; those of ewes' milk were 6.64 and 0.24%, those of goats' milk were 6.55, 0.19% and those of buffaloes' milk were 6.78 and 0.15%. Mineral contents of milks used in yoghurt production are shown in Table 1 .
Physical and Chemical Characteristics of Yoghurts
The results of the chemical and physical analyses of the yoghurt samples during storage are presented in Table 2 . Ewes' yoghurt had the highest total solids (18.59%), protein (7.02%) and ash (0.97%) contents whereas buffaloes' yoghurt had the highest fat (8.26%) content (P<0.05).
The mean pH values of ewes' and goats' yoghurts were higher than cows' and buffaloes' yoghurts (Table 2) . Milk type and storage time affected significantly (P<0.05) titratable acidity of yoghurt samples. As shown in Table 2 , ewes' yoghurt had the highest mean titratable acidity value but cows' yoghurt had the lowest mean value of titratable acidity. The lowest mean value of titratable acidity was found on day 1 st of storage, but the highest value was found on day 28 th of storage, and these differences were The syneresis values of yoghurt samples were affected significantly (P<0.05) by milk type and storage time and the changes were shown in Table 2 . The mean syneresis values of yoghurts decreased (P<0.05) on day 7 but showed an increase (P< 0.05) at day 14 followed by a decrease (P<0.05) until day 28 of storage. Concerning the rheological properties of yoghurts, there were significant (P<0.05) differences between yoghurt samples for apparent viscosities. The results showed that ewes' yoghurt had higher viscosity than the other yoghurts. Table 3 shows the mean values of major and minor elements in yoghurts and their changes during storage. Most of the major and minor mineral contents were in accordance with the ash contents of each yoghurt with a few exceptions (Tables 2 and 3 ). There were significant differences among the yoghurt samples in terms of major element contents such as Ca, K, Mg, Na, S and P (Table 3) .
Mineral Composition
The mean values of Ca in all the yoghurt samples were found to be higher than those of P values. However, the mean Ca and P contents were 1879 ppm and 1441 ppm in ewes' yoghurt as the maximum content, respectively. When examined the data presented in Table 3 , it was observed that the mean values of major elements in yoghurts generally increased (P<0.05) on day 7 but showed a decrease (P<0.05) at day 14 followed by an increase (P<0.05) until day 28 of storage. The highest mean value 
Counts of Yoghurt Bacteria
The mean viable counts of S. thermophilus and L. delbrueckii spp. bulgaricus in the yoghurt samples and the changes during storage are shown in Table 4 . The effect of milk type on S. thermophilus counts was found to be significant (P<0.05).
Sensory Results
Results of the sensory evaluation of cows' , ewes' , goats' and buffaloes' yoghurts on a scale from 1 (very bad) to 9 (excellent) are shown in a radar plot in Figs. 1a, b, c and d , respectively. In general, cows' and ewes' yoghurts received similar scores by panelists for odor, taste and aroma and general acceptability characteristics. Goats' yoghurt was the least acceptable for its non-typical yoghurt taste and liquid texture. Ewes' yoghurt received the highest texture scores and it was parallel to its viscosity values. 
DISCUSSION
Gross Chemical Composition of Yoghurt Samples
There were significant differences (P<0.05) in the gross chemical composition of yoghurts due to source of milk used. The chemical composition of cows' yoghurt was lower than the others. The gross chemical values of yoghurts were similar to that found by Güler and Sanal 15 in cows' , ewes' and goats yoghurts.
Titratable Acidity and pH
The pH values of all yoghurts significantly decreased from 4.26 to 4.02 throughout storage (P<0.05). This could be attributed to further metabolic activity of starter cultures during storage 23 . Although ewes' yoghurt had the highest mean pH value, it also had the highest titratable acidity. This can be due to higher buffering capacity from increasing protein content in the milk 24 . So, in this study a decrease in pH of yoghurts with increasing protein contents and an increase in acidity of yoghurts with increasing total solids were observed. The changes of pH and titratable acidity values for yoghurts during storage were similar to those indicated in the literatures 24, 25 .
Syneresis and Viscosity
Syneresis, which defined as shrinkage of a gel occurs with expulsion of liquid, is a common defect in fermented milk products 26 . The highest mean value of syneresis (8.32 mL/25g) was in cows' yoghurt and the lowest mean value (1.51 mL/25g) was in ewes' yoghurt. This could be related to total solids of the samples. It was reported that common reasons for the occurrence of syneresis include the use of a high incubation temperature, excessive whey protein to casein ratio, low solids content and physical mishandling of the product during storage and retail distribution 27 . Vargas et al. 28 found that similar result in yoghurts made from mixtures cows' and goats' milks, suggesting that the addition of goats' milk led to lower syneresis.
The mean viscosity values of yoghurts increased up to 21 st day but decreased at 28 th day of storage (Table 2 ). This increase could be also depended on protein contents of yoghurts as well as total solids. On the contrary, Tarakçı   29 found that the viscosity values of yogurt samples decreased during storage period. The effect of different types of milks on viscosity and incubation time was studied by Jumah et al. 30 . They found that sheep milk reached the highest viscosity value, followed by caprine and bovine milk. The differences in viscosity among types of milk appeared to be due to the differences in total solids contents of the milks. Because, the viscosity value of yoghurt rise with the increase of its total solid content.
Mineral Composition
Mineral analyses are essential for determining the quality and safety of milk and milk products 20 . Ewes' yoghurt showed higher mineral contents, mainly Ca, S and P than cows' , goats' and buffaloes' yoghurt. As known, milk and milk products, especially ewes' milk and its products, are excellent dietary sources of Ca, P and Mg and they can provide a significant amount of calcium in a bioavailable form 2, 10, 15 . Mg, is related to Ca and P function, may bind to the non-phosphorylated binding sites in the caseins 11 . It has been reported that Mg absorption was faster with diets based on caseins, mainly β-casein, compared to those based on lactoserum proteins 31 . In this study, Mg contents in ewes' (186 ppm), goats' (187 ppm) and buffaloes' yoghurts (156 ppm) were determined similar, with cows' yoghurt (114 ppm) being the lowest. According to this, it can be recommended that commercial yoghurts manufactured from mostly cows' milk should be mixed with ewes' , goats' and buffaloes' milks for providing enhancement of Mg absorption. The highest mean value of K was found in goats' yoghurt. These findings were similar to that reported by Güler and Şanal 15 . Raynal-Ljtovac et al. 32 also reported that goats' milk was distinguished by its high K content. The levels of major elements obtained in this study were higher than values found by Stelios and Emmanuel 33 for goats' and ewes' yoghurts. In general, the results obtained in this study were accordance with the changes of ash contents of the yoghurts during storage.
The essential minor elements have four major functions as stabilizers, as essential elements for hormonal function, as elements of structure and as cofactors in enzymes 34 . Of the minor elements, Fe and Zn were found at higher levels in cows' yoghurt (Table 3) . Guler and Sanal 15 also reported 0.72 ppm as the maximum content of Fe in cows' yoghurt. The mean minor element contents of yoghurt samples determined in this study were higher than reported by some researchers 15, 20 . This may be due to possibility of contamination from metal containers 35 .
Counts of Yoghurt Bacteria
The viable counts of S. thermophilus were higher in buffaloes' yoghurt (8.49 log cfu/g) than in the other samples. This could be due to its high fat and fat soluble vitamins stimulate growth of microorganisms. The number of S. thermophilus and L. delbrueckii spp. bulgaricus significantly increased up to day 7 and decreased up to end of storage (P<0.05). Similar results were reported by and Güler-Akın and Akın
36
. There were no significant (P>0.05) differences between yoghurt samples in terms of the viable counts of L. delbrueckii spp. bulgaricus.
Sensory Evaluation
From Figs. 1 a, b, c and d it can be seen that the total scores of yoghurts decreased at 28 th day of storage because of development of acidity and loss of structure. Although at the beginning of storage (1 st and 7 th days of storage) cows' and buffaloes' yoghurts received high scores for odor, taste and aroma, mouth feel and general acceptability, ewes' and goats' yoghurts received lower scores. This could be related to more intensive favorable or unfavorable flavour of yoghurts at the beginning of storage. The yoghurt samples received similar scores for acidity characteristic and the scores decreased during storage. This result was accordance with the instrumental measurements.
In conclusion, the highest mean values of total solid, protein, and ash contents were found in ewes' yoghurt. However, the highest fat content was determined in buffaloes' yoghurt. The viscosity values of yoghurt samples were affected during storage by total solids, protein, pH and syneresis values. The highest Ca and P contents were determined in ewes' yoghurt. Therefore, ewes' yoghurt may be considered as an important source in respect to these elements. While cows' and ewes' yoghurts were received the highest scores, goats' yoghurt was the lowest scored by panelists due to its musky, rancid and goaty flavour.
